Objectives: To test a patient-centered, tablet-based bedside educational intervention in the hospital and to evaluate the efficacy of this intervention to increase patient engagement with their patient portals during hospitalization and after discharge. Materials and Methods: We conducted a randomized controlled trial of adult patients admitted to the hospitalist service in one large, academic medical center. All participants were supplied with a tablet computer for 1 day during their inpatient stay and assistance with portal registration and initial login as needed. Additionally, intervention group patients received a focused bedside education to demonstrate key functions of the portal and explain the importance of these functions to their upcoming transition to post-discharge care. Our primary outcomes were proportion of patients who logged into the portal and completed specific tasks after discharge. Secondary outcomes were observed ability to navigate the portal before discharge and self-reported patient satisfaction with bedside tablet use to access the portal. Results: We enrolled 97 participants (50 intervention; 47 control); overall 57% logged into their portals 1 time within 7 days of discharge (58% intervention vs. 55% control). Mean number of logins was higher for the intervention group (3.48 vs. 2.94 control), and mean number of specific portal tasks performed was higher in the intervention group; however, no individual comparison reached statistical significance. Observed ability to login and navigate the portal in the hospital was higher for the intervention group (64% vs. 60% control), but only 1 specific portal task was significant (view provider messaging tab: 92% vs. 77% control, P ¼ .04). Time needed to deliver the intervention was brief (<15 min for 80%), and satisfaction with the bedside tablet to access the portal was high in the intervention group (88% satisfied/very satisfied). Conclusion: Our intervention was highly feasible and acceptable to patients, and we found a highly consistent, but statistically non-significant, trend towards higher inpatient engagement and post-discharge use of key portal functions among patients in the intervention group.
BACKGROUND AND SIGNIFICANCE
Increased patient engagement in care is both one of the greatest opportunities and greatest challenges for the "digital era" of healthcare. [1] [2] [3] One of the top priorities for Center for Medicare and Medicaid Service's (CMS's) incentive program for Meaningful Use of Electronic Health Records (EHRs) is to "engage patients and families" to result in "empowered individuals." 4 Many of these objectives will be met through increased use of personal health records (PHR) or patient portals. Allowing patients' access to information such as laboratory results, information about medications, patientspecific education resources, and secure messaging to their providers has the potential to engage patients in their healthcare leading to improve quality, safety, and outcomes. 5 Although consensus is emerging around key issues to facilitate portal use in acute care settings, 6, 7 patient engagement with portals in the acute and post-acute setting still trails far behind use in outpatient settings, and evidence for successful implementation of inpatient portals remains very limited.
Most recent studies of portal use in hospital settings have been qualitative or exploratory in nature with notable exceptions. 8, 9 For example, a study by Wollen and colleagues noted that following bedside training, hospitalized patients responded favorably to accessing their clinical information and reported high levels of satisfaction at accessing information about medications and patient education materials. 10 Another study by O'Leary et al found that inpatients who were orientated to their patient portals were significantly more likely to correctly name their physicians and understand their physicians' roles. 11 Similarly, previous work by our group has demonstrated the feasibility of teaching patients to use their portals during hospitalization 12 and has suggested that hospitalized patients are eager to use technology to engage in their care 13 and that bedside training can improve portal engagement among non-users. 14, 15 To our knowledge, there are no studies that have examined the role of portals to engage patients during transitions from acute care and after hospital discharge, although several are ongoing. 16, 17 Engagement during care transitions from the hospital is especially important because of high stakes for patients as well as high costs for the system. Furthermore, recent Meaningful Use objectives also focus on coordination of care, suggesting opportunities to use leverage portals to engage patients' during their care transitions. 4 To explore this opportunity and address gaps in the literature around portal use and transitions of care, we conducted a pilot randomized controlled clinical trial focused on bedside engagement of hospitalized patients to use their patient portals during and after hospital discharge. We hypothesized that patients who received a patientcentered, tablet-based bedside educational intervention on portal use focused on accomplishing key post-discharge tasks (outpatient provider messaging, view results, view medications, and view appointments) would have higher rates of post-discharge portal use than a control group that was provided the same access (bedside tablet computer) but no education.
METHODS

Study design, participants, and setting
We conducted a prospective, randomized controlled trial (RCT) embedded within a larger, observational study of patient engagement in discharge planning. 18 We approached patients on either their first or second day of hospitalization, which is aligned with clinical practice at our institution and a widely held maxim of hospital medicine that "discharge planning begins on the day of admission." 19 Participants were eligible for inclusion if they were admitted to the medical service, English speaking, and over age 18 years of age.
(Supplementary Appendix: Study Protocol). Participants were ineligible if they were blind, deaf, cognitively impaired by the assessment of their medical team, or involuntarily hospitalized due to incarceration or major psychiatric illness. Participants did not have to be currently enrolled in the University of California San Francisco's (UCSF's) portal platform to be eligible to participate, however, were required to have access to a personal tablet or home computer when discharged. Patients could elect to participate in the larger, observational discharge planning study but not the RCT. In such cases, the participant was not assigned to an intervention group, and prescreening allocation established by the randomization procedure (see below) remained concealed and applied to the next patient who agreed to participate in the RCT. The study took place on the Medicine Service at UCSF, a tertiary referral academic medical center. This study was approved by the UCSF Institutional Review Board and registered as a clinical trial at www.clinicaltrials.gov (identifier NCT02109601).
Randomization and power calculations
We used a block randomization procedure to assign patients to intervention or control groups. Prior to screening or approaching patients, research assistants (RAs) used a random number generator to create blocks of 10 with random ordering of repeated numbers (1 ¼ intervention, 2 ¼ control). Due to the nature of the intervention, participants or study personnel were not blinded following random assignment. We calculated 100 patients were needed to enable detection of a 25% absolute difference in ability to perform at least 1 post-discharge portal task (80% power, 2-sided alpha 0.05).
Intervention and control group descriptions
To ensure that device access and portal login were not barriers to pre-discharge portal access, we provided all patients with tablet computers (iPad V R 16 GB 3rd generation Model A1430) and inperson login assistance. The portal used at our institution (MyChart by Epic Systems) is mobile friendly and easily accessible via web browsers commonly used on tablets, desktops, laptops, or smartphones. Control patients received a tablet computer and limited assistance registering and logging in if they were first-time users of our portal; no other assistance or instruction on how to use the portal was offered or delivered to control patients. Intervention patients received an extensive bedside, structured education by trained RAs in the hospital, which guides patients through key functions of the portal, including how to verify personal information (eg, address, phone number, email), view medications and request refills, view test results (labs and radiology), view current appointments and request changes, and how to view and send secure messages to outpatient providers. To enhance patient engagement in the intervention arm, we explained the relevance of these tasks and gave explicit examples for how the portal could be useful to them after leaving the hospital, eg, checking (or changing) appointments made during hospitalization that they may wish to change after discharge, checking for new medications prescribed in the hospital (or requesting refills), and reviewing test results (especially those pending at the time of discharge). While this tutorial provides uniform basic content for all patients, it was designed to be adaptive enough to allow RAs to "speed up" or "slow down" or otherwise tailor the depth of explanation to the needs of each individual patient. All patients were approached before noon, and they were encouraged to use the tablet on their own for the rest of the day. The RA returned to re-collect the device approximately 5 hours later and complete a debrief interview (Supplementary Appendix: Study Protocol).
Data collection and sources of data
Following enrollment and consent, RAs administered a brief prestudy survey to assess baseline technology use. This survey, which was previously used by our group, 12 assessed device ownership, internet use, and any pre-admission portal activities (defined as use of any online portal, not just our institutional portal, to access health information or accomplish tasks such as refilling prescription). At the end of the day, the RAs performed a debrief interview in which participants were asked to independently demonstrate ability to perform key portal tasks (the same ones addressed in the structured tutorial).
The RA recorded which tasks (if any) were able to be accomplished independently and/or whether the RA provided additional assistance.
To assess portal access and use to accomplish post-discharge tasks (defined as login, outpatient provider messaging, view results, view medications, and view appointments), we accessed searchable databases of our EHR via Epic Systems Clarity clinical databases (Verona WI). Patient demographic and clinical information was also obtained from the EHR. For clinical severity specifically, we used the used Severity of Illness classification developed by the CMS, which categorizes all patients with a given Diagnosis-Related Group into 1 of 4 classes of severity (minor, moderate, major, and extreme).
Primary and secondary outcomes
Primary outcomes were the proportion of patients who logged in to the portal and completed specific tasks after discharge: login, outpatient provider messaging, view results, view medications, and view appointments. Secondary outcomes were the RA-observed ability to navigate the portal before discharge (login, view medications, view med refills, view appointments, view lab results, view messages) and patient satisfaction (overall satisfaction using the tablet in the hospital and using the tablet specifically to access and navigate the portal in hospital).
Data analysis
Two-hundred-fifty patients were eligible for the study and were approached as described in our CONSORT Flow Diagram ( Figure 1 ). Of these, 163 were enrolled in a larger observational study of patient engagement in discharge planning, and 113 of these also agreed to participate in the randomized trial. Of 113 who agreed to enroll in the trial and were randomized, 97 completed were able to register/log in successfully to MyChart and willing to allow monitoring of their post-discharge portal use. Given that the outcome of interest was post-discharge portal use, we could not use an intention-to-treat analysis to include the 16 patients who initially agreed to participate but were ultimately unable to log in or would not allow post-discharge data access, as these patients did not have the primary outcome of interest (post-discharge portal usage). Most of these patients had existing accounts but could not remember their login information and were unable to reset their password or were locked out after multiple attempts at the time of study enrollment. Although our team was able to register participants for new accounts, we were unable to reset or unlock existing accounts if the participant could not remember details needed to restore or reset his or her account (such as the correct email used to originally register the account). Therefore, we used a per-protocol approach to data analysis and present results from the 97 participants who were able to register/log in successfully and allow access to their postdischarge portal data. Patient demographic and clinical information was summarized using descriptive statistics. To assess the rigor of randomization, we compared these characteristics by intervention and control group using t tests and chi-square tests. We summed and averaged the total number of logins to the portal and number of clicks in different domains of the portal (medications, labs, appointments). We used logistic regression to adjust for age and previous portal use, as well as functional impairment given our prior work suggesting negative effects on both transitions 20 and internet access at home. 21 For logistic regressions, we constructed our dichotomous outcome variables as "ever" or "at least once" events, eg, a patient who logged in once or performed a certain task (ex: viewing medications) would be categorized the same as one who logged in (or performed a certain task) many times. Those who logged in or completed tasks at least once were compared to patients who never logged in or never completed the specified tasks. Analyses were conducted in SAS.
RESULTS
Patient characteristics (Table 1) Although our study arms were not powered to detect small differences in patient characteristics, overall demographics appear very similar between groups, and prior technology use rates were comparable between groups in terms of device ownership, internet use, and prestudy online health tasks. Notably, the one area of difference between the 2 groups that was significant was prior MyChart registration: 34 participants in the intervention group (68%) were previously registered vs. 18 (38%) in the control group (P < .01). Thus, 16 patients in the intervention group and 29 in the control group were registered for new MyChart accounts at the time of their enrollment in the study. This difference notwithstanding, our key measure for feasibility, time needed for basic orientation to use of the portal on the tablets, was not different by intervention group. Most participants required less than 15 minutes (40 or 80% intervention; 40 or 85% control) and a few required 15-30 minutes (4 or 8% intervention; 3 or 6% control) or over 30 minutes (6 or 12% intervention; 4 or 9% control).
Inpatient portal use and satisfaction
All 97 participants included in the analysis were able to login and navigate within their portals during their inpatient stay. When study tablets were collected at the end of the day by the RA, however, only 60 (62%) participants were able to demonstrate ability to log in independently as part of the debrief interview; the remaining 37 (38%) were able to log in with assistance (Table 2) . Once logged in, participants were able to accomplish other tasks as part of this debrief interview with varying frequency. For all tasks, we observed a higher percentage of success in accomplishing the task independently in the intervention group (range 46%-92% intervention vs. 32%-79% control), although this reached statistical significance only for the task of navigating to the outpatient provider messaging tab (46 or 92% intervention; 36 or 77% control, P ¼ .04). With respect to participant satisfaction, overall satisfaction was high for using the tablet during hospitalization in general (78 or 80% were "satisfied" or "very satisfied") and for using the tablet to access and navigate their portals specifically (83 or 86% "satisfied" or "very satisfied"). Again we observed higher rates in the intervention group vs. control, but these did reach statistical significance (Table 2) .
Post-discharge patterns of portal use
Just over half of all participants logged into their portals at least once within 7 days of discharge: 55 or 57% overall, 29 (58%) for intervention; 26 (55%) for control (Table 3) . Mean number of total logins was higher for the intervention group (3.48 vs. 2.94 for control) but not statistically significant. The percentage of participants who performed specific tasks once logged in to the portal ranged from 20%-48% for the intervention group and 10%-38% for control. Mean number of tasks performed was higher for the intervention group in every area measured; however, no individual comparison reached statistical significance. The most frequently performed (highest means) for both groups were outpatient provider messaging (5.98 intervention, 3.98 control), lab results (5.68 intervention, 4.36 control), and appointment review (2.14 intervention, 2.04 control). Finally, we performed logistic regression analysis to determine if odds of post-discharge portal access were higher among intervention participants. Given the differences observed between intervention and control groups in terms of age (non-significant) and prior MyChart use (significant), we performed logistic regression analyses adjusted for these variables to predict login or performance of any single task listed in Table 3 . Although unadjusted odds ratios were higher (>1.0) for each task when modeled for the intervention group, this did not achieve statistical significance. Similarly, adding age and prior MyChart use to the model as adjustor variables did not result in any statistically significant result (all confidence intervals crossed 1.0, results not shown).
DISCUSSION
We found that a patient-centered, tablet-based bedside educational intervention focused on portal training for hospitalized patients produced a trend towards higher overall use of and engagement with the portal among intervention patients, specifically in their observed ability to login and navigate the portal before discharge, satisfaction with portal use on tablets in the hospital, and frequency of portal use after discharge. Our approach differs from previous hospitalbased EHR interventions that have focused on engaging providers to increase the completion and accuracy of key transition tasks such as scheduling appointments, communicating with providers, and completing medication reconciliation. [22] [23] [24] There are few studies that have examined the potential for portals to improve patient engagement in these tasks during transitions of care. Recent systematic reviews of this area have highlighted that existing studies have largely been qualitative or exploratory in nature 8, 9 ; ours is the first randomized clinical trial to rigorously test an interventional approach to increase patient engagement with their portals in the hospital and post-discharge settings.
While the positive trend towards greater engagement in tasks for our intervention group was very consistent, only 1 area (outpatient provider messaging) was statistically significant. There are several factors that could explain this result. First, it is possible that providing patients with tablets to access their portals could be a more powerful intervention than we anticipated and could have overshadowed the educational intervention. To explore this question, we created a virtual cohort of 400 active users of our institutional portal who were hospitalized around the same time as patients in the current study but did not receive any device during 14 We compared portal use in this virtual cohort to patients in the current study as part of our published study protocol. Virtual cohort patients had a similar number of logins, but patients in our study who received tablets were more likely to use the portal to check their medications during hospitalization, even after adjustment for prior portal use. Second, although we anticipated a modest effect and set our enrollment targets accordingly, our intervention effect was even smaller than anticipated. Our previous work using a 12-hospital quality and research network showed that few patients (20%-30%) had ever used the internet for post-discharge tasks related to medications, appointments, or provider communication. 25 In the current study, however, most patients reported they had used the internet for these tasks in the past, and our observed use of the portal for these post-discharge tasks among all study participants ranged from 35%-57% overall. Thus, it is possible that a secular trend towards greater portal use effectively elevated the pre-study baseline we had previously observed and used to set our targets. Although a secular trend towards greater portal use would be good news, the larger literature on patient perceptions and experiences using inpatient portals suggests plenty of room for improvement in the hospital to increase engagement. 8, 9 Indeed, our qualitative work with patients admitted at 12 hospitals across the United States, 26 as well as more in-depth interviews with a subset of patients who used iPad tablets to access their portal at our hospital 10 and others, 27 suggests educational barriers are among the most important-and addressable-challenges to inpatient and postdischarge use of portals. 28, 29 While the trend we observed in this study toward greater portal engagement among intervention patients who received adaptive educational training in portal use adds validity to this hypothesis, the limited (non-statistically significant) effect may also be due to broad enrollment criteria, which allowed a wide range of experience and aptitude. Future studies should focus interventions to patients with observed inability to perform certain tasks as inclusion criteria or those at highest risk of poor transitions. Future studies should ultimately measure success in terms of outcomes such as fewer missed follow-up appointments or unfilled medications, as these seem plausibly modifiable through better portal engagement to view or change appointments and refill medications. Furthermore, future educational interventions could leverage more sophisticated approaches to enhance patient selfefficacy. As one example, a "teach to goal" approach has recently been deployed in the hospital to achieve more consistent and effective use of inhalers after discharge in patients with respiratory conditions such as asthma. 30, 31 In this approach, patients must independently demonstrate competency in a series of small tasks to complete the intervention (eg, remove cap from inhaler, attach spacer to inhaler, depress inhaler correct number of times for intended dose, inhale and hold breath for 5 seconds, exhale slowly).
If the patient performs any of these tasks incorrectly, the provider reviews those steps until the patient can reach the goal of completing all tasks correctly and independently. This teach to goal approach could be applied to hospital-based portal training to ensure higher self-efficacy in portal use, particularly in patients with limited baseline portal skills or at higher risk for poor transitions of care. Finally, while we did not explore the abilities of family members or other caregivers to engage in portal tasks on the patient's behalf, several studies of parental portal use during pediatric hospitalization demonstrated high engagement and can serve as examples for future work in this area with adult inpatients. 32, 33 Another step towards greater patient efficacy in portal engagement could be to teach patients to access the portal on their own devices. We provided tablet computers at bedside to ensure a uniform portal experience for participants, but many patients now bring their own mobile devices to the hospital with them. Indeed, in a separate study, we found about 2 in 3 patients at our hospital brought and used at least 1 mobile device during their hospitalization (rates were as high as 80% in some units such as oncology). 13 As the movement towards "bring your own device" (BYOD) gains momentum for patient engagement with the EHR and other health-related platforms (eg, diet, activity, and medication logs or other health-related apps), there is tremendous opportunity for patients in acute and post-acute phases of care. For example, we are currently studying a BYOD approach to engaging patients in mobility during and after hospitalization using accelerometers and patients' own smartphones to provide feedback as they strive to achieve walking goals (steps per day) to promote recovery. 34 Finally, there may be certain pragmatic advantages to a BYOD approach to portal engagement. In our study, we found that only 62% of all patients were able to log in independently but, once logged in, ability to accomplish other tasks independently was notably higher (76%-86%). While there may be a number of factors at play, one compelling hypothesis is that patients had a difficult time getting to the login page and entering their credentials on an unfamiliar device. Future studies could explore whether a BYOD approach could facilitate stored credentials or even use biometrics (fingerprint of facial recognition), as these are becoming standard for most mobile devices. We believe our results and experience have important implications for policy and practice regarding the use of portals in the hospital and immediately after discharge. First and foremost, more studies of portal use in the hospital are needed, especially given that most hospitals have not yet deployed this feature of EHR, and Meaningful Use will require higher use in the near future, 4 suggesting an impending implementation boom-more evidence is needed to guide this process. Furthermore, future implementation work will need to anticipate and study the effect of portals that are unique to the inpatient environment, such as MyChart Bedside-we used a single portal that reflected actual practice at UCSF. While there may be certain advantages to an inpatient-only mode for portals, there may be tradeoffs as well, such as having to "re-learn" how to navigate a different layout and set of functionalities after discharge. Studies of this platform to date have focused on provider experience 35 or patient satisfaction, 36 but have not yet examined patient usage or outcomes. Indeed, while national data are lacking, our experience networking with peer institutions suggests that most are still using a single portal designed primarily for outpatient use without a separate inpatient version or adaptive portal that has an inpatient view (such as MyChart Bedside). Finally, our portal (MyChart) is "tethered" to our EHR (Epic), which means there is limited ability to share information between among in different systems with different EHR systems. Future studies should examine how patients who receive care in multiple systems may leverage the portal differently after discharge. While our study brings insights into the use of portals in the hospital, it also has limitations. We studied patients at 1 hospital only on a general medicine service; patients at other medical centers or different services may have different experiences and abilities using portals. Second, we were unable to follow an intention-to-treat analysis because some patients with existing MyChart accounts were unable to log in or unlock their accounts after randomization. Thus, these patients did not have the opportunity to contribute to the study outcomes (frequency of login and frequency of MyChart task completion) and could not be analyzed together with patients who were able to successfully log in; however, our analysis did include all other patients who were enrolled (there was no loss to follow-up and inability to login was the one and only cause for exclusion from final analysis). Third, although we used a rigorous randomization process and found no differences in virtually every category of clinical/demographic features or technology use, we did observe far higher rates of prior MyChart use in the intervention group. Nonetheless, this did not appear to be a significant predictor of engagement in our analyses that adjusted for prior MyChart use.
CONCLUSIONS
We conducted a randomized trial of a bedside tablet-based educational intervention to improve post-discharge use of our institutional patient portal and found consistent but statistically non-significant trends towards higher post-discharge use in the intervention group. As demand for patient access to electronic medical records increases from key stakeholders including patients/caregivers, government and private payers, as well as healthcare providers, more evidence from rigorous studies will be needed to guide successful implementation and operationalization of patient portals during and after acute care.
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